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Integriertes Laserstrahlschneiden und -schweißen: 
Reduzierung von Nebenzeiten und Systemaufwand
Integrated Laser Beam Cutting and Welding:
Reducing Non-Productive Time and System Expenses
• Idee - Problem - Lösung
Motivation - Problem - Solution
• Fortschritte mit Lasern hoher Brillanz
Progress with High-Brightness Lasers
• Anwendungsbeispiele
Examples of Use
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1991 Mercedes-Benz, Sindelfingen, Germany
First combination of cutting and welding
within a single serial production unit
S-type car
Edge preparation by laser cutting
Welding C-pillar to roof extension
Cutting head and welding head mounted both
on one rotary axis
2,5 kW CO2 laser and gantry system by TrumpfCutting Clamping Welding
Combining Cutting and Welding in the Body Shop: Example 1
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1994 GM-Opel, Germany
Opel Omega
Cutting and 
welding
the trunk lid for the US-version
Cadillac Catera
One robot carries both, 
cutting and welding head.
2 kW Trumpf Nd:YAG laser
Source: Trumpf
courtesy of K. Mann
Source: GM-Opel,
courtesy of S. Manthey
Cutting
Welding
Combining Cutting and Welding in the Body Shop: Example 2
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1996 Volvo, Uddevalla,
Sweden
Volvo C70
Cutting of shock absorber
tower and antenna mounting
hole
Welding of the roof seams
ABB robot
Rofin-Sinar 2kW Nd:YAG laser
Interchangable Permanova
cutting head and welding
head
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Combining Cutting and Welding in the Body Shop: Example 3
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Cutting head
Welding head
Source: VW
K. Löffler, EALA 2004
2003 VW, Wolfsburg,
Germany
Golf V
Cut-to-length of front rail to 
level out measured manufacturing
tolerances in the car body and
Welding on of the mounting plate
for the frontend with 4 T-joints
(incl. process monitoring)
SEF robot carries both, cutting
head and welding head
Trumpf Nd:YG laser
Combining Cutting and Welding in the Body Shop: Example 4
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head design CO2 laser solid-state laser
cutting
sealed lens
high-pressure body
coaxial nozzle
sealed lens optics
with coaxial nozzle
cutting cutting
open lens
off-axis nozzle(s)
crossjet
welding
(welding)
open lens optics
with crossjet welding
open mirror
welding
(welding)open mirror optics with crossjet welding
Conventional Head Designs are Limited to either Cutting or Welding
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A Combi-Head Integrates Cutting and Welding Capabilities in One Tool
head design CO2 laser solid-state laser
sealed lens optics
with coaxial nozzle
cutting cutting
(welding)
open lens optics
with crossjet welding
cutting
sealed lens
body
coaxial nozzle
open lens
off-axis nozzle(s)
crossjet
welding
open mirror
welding
(welding)open mirror optics with crossjet welding
open lens or mirror optics with
crossjet and autonomous nozzle
cutting
welding
cutting
welding
C o m b i  - h e a d
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Z
crossjet
Autonomous Nozzle
with capacitive
clearance sensor
optics mounting
with adjustment
flange
Combi-Head
Scheme of the Combi-Head with Autonomous Nozzle (ILT-Patent)
Z
crossjet
Autonomous Nozzle
with capacitive
clearance sensor
optics mounting
with adjustment
flange
Combi-Head
gas flow
velocity vi
laser entrance
aperture
nozzle exit
(local gas pressure pD)
Detail Z Autonomous Nozzle
convergent
ring channel
pU: ambient pressure 
c:   speed of sound
v1
v2 with c > v2 > v1
v3 with c >/= v3 > v2
v4 with v4 < v3 </= c  @ pD = pU
v4 with v4 > v3 = c  @ pD > pU
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Cutting with CO2 Laser Rofin DC040 and Combi-Head with Mirror Optics
6 mm mild steel, 2.5 kW
10 mm stainless, 4 kW
10 mm aluminum, 4 kW
The autonomous nozzle is already well 
established in industrial high-power cutting
heads with robust copper mirror optics
(e.g. at Blohm & Voss shipyard). 
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Switching between Welding and Cutting with the Combi-Head
• Switching between welding
and cutting gas per 
magnetic valve (NC)
• Activating or deactivating of 
the crossjet per magnetic
valve (NC)
• Adapting nozzle height
(NC)
• Setting of laser power and 
processing speed (NC)
->  Software-controlled change of processes
in quick, arbitrary and optimized sequence
Welding
Cutting
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Features of the  Combi-Head for Cutting and Welding
♦ Quick, software-controlled change of processes
♦ One tool, one machine, one clamping unit
for cutting (N2 or O2) and welding processes
♦ Constant Tool-Center-Point (TCP)
♦ Rotationally symmetrical, slender head design (3-D)  
with Autonomous Nozzle, capacitive
height sensor and effective crossjet
♦ Pressure build-up and gas functions independant
from the optical system
♦ Capability for wide power and pressure range
♦ High beam quality expands processing range
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Selected boundary conditions for the comparison of welding capability:
• Typical power range -> Beam power: PL = 4kW
• Reasonable working distance-> Focal length: f >/= 200mm
• Acceptable optics size -> Collimated beam diameter: dC < 40mm
• Acceptable tolerance -> Rayleigh-length: zR >/= 2mm
• Typical material -> Mild steel
• Excluding joint influence -> Bead-on-plate welding (@ 6mm sheet thickness)
• Typical gas parameters -> 20 l/min Ar
• Reasonable 3-D speed -> v = 5m/min
• Combi-head relevance -> Variation of focal position and nozzle distance
Comparing Fiber Laser and Conventional „Old-Fashioned“ Nd:YAG Rod Laser
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Calculated Power Density Distribution in the Focal Caustic @ 4 kW
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Conventional
Nd:YAG laser
600 µm fiber
27 mm mrad
fcol=200mm
ffoc=200mm
F=5.6
dF= 600µm
zR= 3.4mm
Imax=3x106 W/cm2
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Fiber laser
50 µm fiber
2 mm mrad
fcol=120mm
ffoc=300mm
F=16
dF=130µm
zR= 2mm
Imax=6x107 W/cm2
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Welding with Fiber Laser IPG YLR-4000-SS and Combi-Head:
Welding Depth
Laser and optics:
Laser power 4 kW
BPP 2 mm mrad
Fiber diameter 50 µm
Focussing number F = 16
Focus diameter 130 µm
Rayleigh-length 2 mm
Process gas:
Argon 20 l/min
Material:
Mild steel S 235
Thickness 6,0 mm
Welding speed 5 m/min
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distance focus-nozzle / mm
nozzle 
distance / mm
Fiber laser 4kW, mild steel S235 6mm
* Corresponds during cutting with nozzle distance 1 mm to focal positions between -6 und +4 mm
*
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Welding with Conventional Nd:YAG Rod Laser and Combi-Head:
Welding Depth
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nozzle 
distance / mm
Laser and optics:
Laser power 4 kW
BPP 27 mm mrad
Fiber diameter 600 µm
Focussing number F = 5.6
Focus diameter 600 µm
Rayleigh-length 3.4 mm
Process gas:
Argon 20 l/min
Material:
Mild steel S 235
Thickness 6,0 mm
Welding speed 5 m/min
* Corresponds during cutting with nozzle distance 1 mm to focal positions between -6 und 0 mm
*
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Lasers and optics:
Laser power 4 kW
BPP 2mm mrad / 27mm mrad
Fiber diameter 50µm / 600µm
Focussing number F = 16 / 5.6
Focus diameter 130µm / 600µm
Rayleigh-length 2mm / 3.4mm
Process gas:
Argon 20 l/min
Material:
Mild steel S 235
Thickness 6,0 mm
Welding speed 5 m/min
distance focus-nozzle 7 mm                          1 mm
fiber diameter 50 µm    600 µm        50 µm     600 µm
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Influence of Beam Quality on Variability of Seam Cross Section
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Welding with Fiber Laser IPG YLR-4000-SS and Combi-Head:
Welding Depth versus Focal Position
Laser and optics:
Laser power 4 kW
BPP 2 mm mrad
Fiber diameter 50 µm
Focussing number F = 16
Focus diameter 130 µm
Rayleigh-length 2 mm
Process gas:
Argon 20 l/min
Material:
Mild steel S 235
Thickness 6,0 mm
Welding speed 5 m/min
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Welding with Conventional Nd:YAG Rod Laser and Combi-Head:
Welding Depth versus Focal Position
Laser and optics:
Laser power 4 kW
BPP 27 mm mrad
Fiber diameter 600 µm
Focussing number F = 5.6
Focus diameter 600 µm
Rayleigh-length 3.4 mm
Process gas:
Argon 20 l/min
Material:
Mild steel S 235
Thickness 6,0 mm
Welding speed 5 m/min
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Welding with Fiber Laser IPG YLR-4000-SS and Combi-Head:
Process Efficiency versus Focal Position
Laser and optics:
Laser power 4 kW
BPP 2 mm mrad
Fiber diameter 50 µm
Focussing number F = 16
Focus diameter 130 µm
Rayleigh-length 2 mm
Process gas:
Argon 20 l/min
Material:
Mild steel S 235
Thickness 6,0 mm
Welding speed 5 m/min
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Deep penetration welding
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Welding with Conventional Nd:YAG Rod Laser and Combi-Head:
Process Efficiency versus Focal Position
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Laser and optics:
Laser power 4 kW
BPP 27 mm mrad
Fiber diameter 600 µm
Focussing number F = 5.6
Focus diameter 600 µm
Rayleigh-length 3.4 mm
Process gas:
Argon 20 l/min
Material:
Mild steel S 235
Thickness 6,0 mm
Welding speed 5 m/min
Deep penetration welding
Heat conduction welding
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Distance focus-nozzle 5mm
Nozzle distance 14mm
(i.e. focal position +9mm)
Welding speed 5 m/min
Distance focus-nozzle 3mm
Nozzle distance 10mm
(i.e. focal position +7mm)
Welding speed 5 m/min
Nozzle distance 1mm
(i.e. focal position -4mm)
Cutting speed 4,7 m/min
Nozzle distance 1mm
(i.e. focal position -2mm)
Cutting speed 5,6 m/min
426
428
371
362
Cutting Welding of cut edges
Combined processing also possible with low beam quality, but…
Integrated Cutting and Welding of 2 mm Stainless Steel Sheet Metal
(Fiber diameter 600 µm, 4 kW, F=5.6)
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494
567
Distance focus-nozzle 1mm
Nozzle distance 14mm
(i.e. focal position +13mm)
Welding speed 5 m/min
Nozzle distance 1mm
(i.e. focal position 0mm)
Cutting speed 18,2 m/min @ 4 kW
Nozzle distance 1mm
(i.e. focal position 0mm)
Cutting speed 5 m/min @ 1,5 kW
Cutting
…higher beam quality enhances
simultaneously:
• cutting speed per power
• cutting quality
• allowable welding distance
Welding of cut edges
Integrated Cutting and Welding of 2 mm Stainless Steel Sheet Metal
(Fiber diameter 50 µm, 4 kW, F=16)
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Examples of Multifunctional Laser Processing with the Combi-Head
Patchwork
Slot & tab
Tailored Products Structural components
Bodies, housings, enclosuresFlexible Production
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Typical Product Groups Profiting from Multifunctional Laser Processing
• Complex serial components, 
that require a multiple and quick 
switching between cutting and 
welding
• Products with many variants, 
e.g. customized optional 
cut-outs and weld-ons
• High-precision component
assemblies
• that require functional cuts
after welding is completed
• with identical or parallel 
course of cutting and 
welding track
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1,5 / 2,0 mm
CO2 laser Rofin DC050 and combi-head Laserfact F2-C for CO2 lasers
Conclusions of industrial beta-user:
• Cutting speed with combi-head is at least as 
high as with conventional cutting heads.
• Cutting quality meets highest quality standard
and is suitable for edge preparation.
• Welding speed corresponds to state-of-the-art.
• Welding quality meets highest quality standard.
Combi-head Laserfact F2-C with
mirror optics for CO2 lasers
Integrated Cutting and Welding of Mild Steel TWBs with CO2 Laser
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Edge preparation by laser cutting Laser welding Cuts in welded blank
Nozzle distance 1 mm
Focal position 0 mm
1,5 kW, N2 11 bar
6-axes robot 
with combi-
head F2-Y
Speed
8 m/min
Fiber 100µm
fcol/ffoc=
120/200
Zinced steel
1,0/1,2mm
Nozzle distance 9 mm
Focal position 8 mm
2,2 kW, Ar 15 l/min
Nozzle distance 1 mm
Focal position 0 mm
1,5 kW, N2 11 bar
Common 
parameters:
Switched
parameters:
Integrated Cutting and Welding of Nonlinear TWBs with Fiber Laser:
Identical Path Concept
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Edge preparation by laser cutting Laser welding Cuts in welded blank
Nozzle distance 1 mm
Focal position 0 mm
1,5 kW, N2 11 bar
Nozzle distance 9 mm
Focal position 8 mm
2,2 kW, Ar 15 l/min
Nozzle distance 1 mm
Focal position 0 mm
1,5 kW, N2 11 bar
Switched
parameters:
6-axes robot 
with combi-
head F2-Y
Speed
8 m/min
Fiber 100µm
fcol/ffoc=
120/200
Zinced steel
1,0/1,2mm
Common 
parameters:
Integrated Cutting and Welding of Nonlinear TWBs with Fiber Laser:
Identical Path Concept
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• High productivity (short, integrated process chain)
• High accuracy (short tolerance chain; 1 TCP)
• High flexibility and economical efficiency
Savings:
• Setup, handling, positioning and clamping operations
• Storage and transport
• Production resources (incl. # lasers, # robots & floorspace)
Sustained yield:
• High utilization of the system
• Easy reconfiguration of the system
• High freedom of design
Benefits of Multifunctional Laser Processing
Altogether: Lowering of costs for investment, organisation and operation
Industrial combi-head
Laserfact F2-Y for
solid-state lasers with
integrated Z-axis drive
www.ilt.fraunhofer.de www.laserfact.com
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Ziel Optimierung der Prozesskette der Laserbearbeitung durch
-> Entwicklung und Test einer flexiblen Laserfertigungszelle für das
3D-Laserschneiden und -schweißen in schnell wechselnder und 
beliebiger Folge zur Herstellung komplexer Blechbauteile mit
einem verfahrensintegrierenden Kombikopf und einer Greif- und 
Spanntechnik mit automatischer Anpassung an sich 
ändernde Bauteilgeometrien
Innovation Messbare Projektziele:
• Verkürzung der Prozesskette
• Effizientere Fertigungsfolge
• Erhöhung der Einsatzvielfalt
• Erhöhung der Genauigkeiten
• Erhöhung der Anlagenverfügbarkeiten
• Erweiterung des Produktspektrums
Zielmärkte:
• Laserlohnbetriebe
• Automobilzulieferer
• Automobil OEM
• Fahrzeugbau allg.
• Gehäuse-/Schaltschrankbau
• Behälter-/Stahl-/Leichtbau
Innonet-Projekt „koLas“ - Flexible Fertigungszelle zur kombinierten 
Laserbearbeitung mit adaptiver Greiftechnik (01/2007 - 06/2009)
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Projektpartner und Kompetenzverteilung
Schneid-/Schweißtechnik
Robotik
Lasertechnik
SteuerungstechnikGreiftechnik
Produktionsplanung
Reis
Laserfact
ILT LBBZ IFA
Babock
IFFSchrod
Produktionstest
plus:
Assoziierte Partner!
Innonet-Projekt „koLas“ - Flexible Fertigungszelle zur kombinierten 
Laserbearbeitung mit adaptiver Greiftechnik (01/2007 - 06/2009)
